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Replies to Reviewer Charges and Associated Comments 
 
1. Are there any data relevant to child health and developmental effects that have not been discussed in 
the profile and should be? 
 

Not to my knowledge. 
 
2. Are there any general issues relevant to child health that have not been discussed in the profile and 
should be? 

 
Not to my knowledge. 

 
3. If you answer yes to either of the above questions, please provide any relevant references. 

 
n/a 

 
CHAPTER 1. PUBLIC HEALTH STATEMENT 
 
4. The tone of the chapter should be factual rather than judgmental. Does the chapter present the 
ƛƳǇƻǊǘŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ŀ ƴƻƴπǘŜŎƘƴƛŎŀƭ ǎǘȅƭŜ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ ŀǾŜǊŀƎŜ ŎƛǘƛȊŜƴΚ 
 

Yes. 
 
5. Major headings are stated as a question. In your opinion, do the answers to the questions adequately 
address the concerns of the lay public? Are these summary statements consistent, and are they 
supported by the technical discussion in the remainder of the text? Please note sections that are weak 
and suggest ways to improve them. 
 

Yes, answers to questions seem to adequately address concerns of the lay public. 
Yes, summary statements are consistent and are reasonably well supported. 

 
6. Are scientific terms used that are too technical or that require additional explanation? Please note 
such terms and suggest alternate wording. 
 

Consider adding explanations to the following terms: 
ϊ isotope (versions of the same chemical with different atomic structures) 

ϊ adsorb (collect and condense on a surface or material) 
ϊ hematological parameters (measurements of chemical constituents in the blood) 
ϊ alterations (damaging changes) 
ϊ genotoxicity (toxic damage to genes and chromosomes) 
ϊ "absence of maternal effects" (not sure what to suggest here...) 
ϊ some typos:  "no conclusive evidence suggesting that" 

"most uranium leaves the body" 
" for a long time after you" 

 
CHAPTER 2. RELEVANCE TO PUBLIC HEALTH 
 
7. Do you agree with those effects known to occur in humans as reported in the text? 
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As far as I know, yes. 

 
8. Are the effects only observed in animals likely to be of concern to humans? Why or why not? 
 

Likely, yes. The effects reported appear to connect with similar sorts of human endpoints. 
 
9. Have exposure conditions been adequately described? 

 
Reasonably so, yes. 

 
CHAPTER 3. HEALTH EFFECTS 
 
¢ƻȄƛŎƛǘȅ π vǳŀƭƛǘȅ ƻŦ IǳƳŀƴ {ǘǳŘƛŜǎ 
 
10. Were adequately designed human studies identified in the text (i.e., good exposure data, sufficiently 
long period of exposure to account for observed health effects, adequate control for confounding 
factors)? 
 

To the available degree, yes. Study limitations were clearly described. 
 
11. Were the conclusions drawn by the authors of the studies appropriate and accurately reflected in 
the profile? If not, did the text provide adequate justification for including the study (e.g., citing study 
limitations)? 

 
Reasonable discussion/conclusions/limitations were presented. 

 
12. Were all appropriate NOAELs and/or LOAELs identified for each study? If not, did the text provide 
adequate justification for excluding NOAELs/LOAELs including, but not limited to, citing study 
limitations? 

 
NOAELs and LOAELs are listed throughout, to a reasonable degree. However, see Question #13. 

 
13. Were the appropriate statistical tests used in the studies? Would other statistical tests have been 
more appropriate? Were statistical test results of study data evaluated properly? NOTE: As a rule, 
statistical values are not reported in the text, but proper statistical analyses contribute to the reliability 
of the data. 
 

I am afraid I strongly disagree with ǘƘŜ !ƎŜƴŎȅΩǎ ǇǊƛƳŀǊȅ ǊŜǇƻǊǘƛƴƎ ƻŦ ŀƴŘ ǊŜƭƛŀƴŎŜ ƻƴ όǘƻ 
whatever degree) the NOAEL and/or LOAEL for building points of departure (PODs) in their risk 
ŀƴŀƭȅǎŜǎκŀǎǎŜǎǎƳŜƴǘǎΦ ¢ƘŜ bh!9[κ[h!9[Ωǎ ƭƛƳƛǘŀǘƛƻƴǎ ŀǎ ŀ ǎǘŀǘƛǎǘƛŎŀƭ ƳŜŀǎǳǊŜ ƘŀǾŜ ōŜŜƴ 
revealed to such a degree, and by a wealth of reputable authors (selected references listed at 
end of report), that its continued use by any scientific entity borders on embarrassment (with 
apologies for the hyperbole). I ŜƴŎƻǳǊŀƎŜ ǘƘŜ !{¢5w ǘƻ ōŜƎƛƴ ŘŜπŜƳǇƘŀǎƛȊƛƴƎ ǳǎŜ ƻŦ ǘƘŜ 
NOAEL/LOAEL. Replacement can be made with more modern statistical technologies, such as 
the BMDL/BMCL approach already mentioned in the report. (If scientific and experimental data 
of sufficient quality are not available for construction of BMDLs/BMCLs, then call should be 
ƳŀŘŜ ǘƻ ǊŀƛǎŜ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ŎƻƳƳǳƴƛǘȅΩǎ ǎǘŀƴŘŀǊŘǎ ŦƻǊ Řŀǘŀ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǇǊƻŘǳŎǘƛƻƴ ς 
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accumulation of substandard data is a poor reason to resort to a substandard statistic such as 
the NOAEL/LOAEL.) Also see Question #20. 

 
14. Are you aware of other studies which may be important in evaluating the toxicity of the substance? 

 
No. 

 
¢ƻȄƛŎƛǘȅ π vǳŀƭƛǘȅ ƻŦ !ƴƛƳŀƭ {ǘǳŘƛŜǎ 
 
15. Were adequately designed animal studies identified in the text (i.e., adequate number of animals, 
good animal care, accounting for competing causes of death, sufficient number of dose groups, and 
sufficient magnitude of dose levels)? 

 
To the available degree, yes. 

 
16. Were the animal species appropriate for the most significant toxicological endpoint of the study? 

 
Unable to judge. 

 
17. Were the conclusions drawn by the authors of the studies appropriate and accurately reflected in 
the text? If not, did the text provide adequate justification for including the study (e.g., citing study 
limitations)? 

 
Reasonable discussion/conclusions/limitations were presented. 

 
18. Were all appropriate NOAELs and LOAELs identified for each study? Were all appropriate 
toxicological effects identified for the studies? 

 
NOAELs and LOAELs are listed throughout, to a reasonable degree. However, Question #20. 

 
19. If appropriate, is there a discussion of the toxicities of the various forms of the substance? 

 
Discussion seemed reasonable. 

 
20. Were the appropriate statistical tests used in the interpretation of the studies? If not, which 
statistical tests would have been more appropriate? Were statistical test results of study data evaluated 
properly? NOTE: As a rule, statistical values are not reported in the text, but proper statistical analyses 
contribute to the reliability of the data. 
 

!ǎ ƛƴ vǳŜǎǘƛƻƴ ІмоΣ L ŀƳ ŀŦǊŀƛŘ L ǎǘǊƻƴƎƭȅ ŘƛǎŀƎǊŜŜ ǿƛǘƘ ǘƘŜ !ƎŜƴŎȅΩǎ ǇǊƛƳŀǊȅ ǊŜǇƻǊǘƛƴƎ ƻŦ ŀƴŘ 
reliance on (to whatever degree) the NOAEL and/or LOAEL for building points of departure 
όth5ǎύ ƛƴ ǘƘŜƛǊ Ǌƛǎƪ ŀƴŀƭȅǎŜǎκŀǎǎŜǎǎƳŜƴǘǎΦ ¢ƘŜ bh!9[κ[h!9[Ωǎ ƭƛƳƛǘŀǘƛƻƴǎ ŀǎ ŀ ǎǘŀǘƛǎǘƛŎŀƭ 
measure have been revealed to such a degree, and by a wealth of reputable authors (references 
available upon request), that its continued use by any scientific entity borders on 
embarrassment (with apologies for the hyperbole). I encourage the ASTDR to begin 
ŘŜπŜƳǇƘŀǎƛȊƛƴƎ ǳǎŜ ƻŦ ǘƘŜ bh!9[κ[h!9[Φ wŜǇƭŀŎŜƳŜƴǘ Ŏŀƴ ōŜ ƳŀŘŜ ǿƛǘƘ ƳƻǊŜ ƳƻŘŜǊƴ 
statistical technologies, such as the BMDL/BMCL approach already mentioned in the report. (If 
scientific and experimental data of sufficient quality are not available for construction of 
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BMDLs/BMCLs, then call should be made to raise the scientific communitȅΩǎ ǎǘŀƴŘŀǊŘǎ ŦƻǊ Řŀǘŀ 
generation and production ς accumulation of substandard data is a poor reason to resort to a 
substandard statistic such as the NOAEL/LOAEL.) Unfortunately, where the BMDL approach was 
employed in the report a serious statistical error in (at least) presentation occurs: the MRL 
ǎǳƳƳŀǊȅ ŀƴŀƭȅǎŜǎ ƛƴ ¢ŀōƭŜ !πо ƭƛǎǘ ƳǳƭǘƛǇƭŜ tπǾŀƭǳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ мΦл όǎƻƳŜ ŀǎ ƘƛƎƘ ŀǎ муΦппύΦ 
{ƛƴŎŜ ŜǾŜǊȅ ŦƻǊƳ ƻŦ tπǾŀƭǳŜ Ƴǳǎǘ ƭƛŜ ōŜǘǿŜŜƴ лΦл ŀƴŘ мΦлΣ ǘƘŜ ¢ŀōƭŜ ŘƛǎǇƭŀȅǎ ŀ Ŧƭŀǿ ƛƴ 
fundamental statistical presentation (and, it appears, interpretation). I assume this is some sort 
of typographical error and/or simple misunderstanding, and that a straightforward explanation 
for it can be found. As currently presented, however, these flawed statistical summaries are 
ǎǳǎǇŜŎǘΥ ŘǳŜ ǘƻ ǇƻǘŜƴǘƛŀƭ ŦƻǊǿŀǊŘπǇǊƻǇŀƎŀǘƛƻƴ ƻŦ ǘƘŜ ǳƴƪƴƻǿƴ ŜǊǊƻǊόǎύ ƛƴǘƻ ǘƘŜ ŎƻƴǎŜǉǳŜƴǘ 
calculations, I must warn that the results as presented should not be relied upon for something 
as important as MRL determinations until the nature and extent of the discrepancies can be 
determined. 

 
21. Are you aware of other studies that may be important in evaluating the toxicity of the substance? 
 

No. 
 
ннΦ !ǊŜ ǘƘŜ [{9 ǘŀōƭŜǎ ŀƴŘ ŦƛƎǳǊŜǎ ŎƻƳǇƭŜǘŜ ŀƴŘ ǎŜƭŦπŜȄǇƭŀƴŀǘƻǊȅΚ 5ƻŜǎ ǘƘŜ Ϧ¦ǎŜǊǎ DǳƛŘŜϦ ŜȄǇƭŀƛƴ ŎƭŜŀǊƭȅ 
how to use them? Are exposure levels (units, dose) accurately presented for the route of exposure? 
Please offer suggestions to improve the effectiveness of the LSE tables and figures and the "User's 
Guide." 

 
Tables and User Guide seem reasonable. See, however, Questions #13 and #20. 

 
23. Do you agree with the categorization of "less serious" or "serious" for the effects cited in the LSE 
tables? 

 
Categorizations seemed reasonable. 

 
24. If MRLs have been derived, are the values justifiable? If no MRLs have been derived, do you agree 
that the data do not support such a derivation? 

 
See Question #20 regarding a questionable statistical error. 

 
25. Have the major limitations of the studies been adequately and accurately discussed? How might 
discussions be changed to improve or more accurately reflect the proper interpretation of the studies? 

 
Discussion seemed reasonable. 

 
26. Has the effect, or key endpoint, been critically evaluated for its relevance in both humans and 
animals? 

 
Discussion seemed reasonable. 

 
27. Have "bƻǘǘƻƳπƭƛƴŜϦ ǎǘŀǘŜƳŜƴǘǎ ōŜŜƴ ƳŀŘŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ǘƘŜ ŜƴŘǇƻƛƴǘ ŦƻǊ ƘǳƳŀƴ 
health? 
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Discussion seemed reasonable. 
 
28. Are the conclusions appropriate given the overall database? If not, please discuss your own 
conclusions based on the data provided and other data provided to you but not presented in the text. 

 
Conclusions seemed acceptable, given limitations of available data. See, however, Questions 
#13 and #20. 

 
нфΦ Iŀǎ ŀŘŜǉǳŀǘŜ ŀǘǘŜƴǘƛƻƴ ōŜŜƴ ǇŀƛŘ ǘƻ ŘƻǎŜπǊŜǎǇƻƴǎŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŦƻǊ ōƻǘƘ ƘǳƳŀƴ ŀƴd animal data? 
Please explain. 
 

To the best extent possible, apparently. (See, however, Question #20 regarding a questionable 
statistical error.) 

 
30. Has the animal data been used to draw support for any known human effects? If so, critique the 
validity of the support. 
 

To the best of my understanding, yes. Conclusions seemed acceptable, given limitations of 
available data. See, however, Questions #13 and #20. 

 
31. Is there adequate discussion of absorption, distribution, metabolism, and excretion of the 
substance? 

 
To the best of my understanding, yes. 

 
32. Have the major organs, tissues, etc. in which the substance is stored been identified? 

 
To the best of my understanding, yes. 

 
33. Have all applicable metabolic parameters been presented? Have all available 
pharmacokinetic/pharmacodynamic models and supporting data been presented? If not, please explain. 

 
I am concerned that in §3.4.5, the various compartmental, PBPK, etc., model equations are 
displayed with specific numerical parameters (see, e.g., pp. 136+), but without any indication of 
the variation/error/uncertainty in these numerical values. How are these numbers derived? If 
from data, what are the data, and what statistical methods are used to estimate the 
parameters? And most importantly, what level of statistical uncertainty/error can be assigned to 
the point estimates? (Admittedly, much of this information can be delegated to an Appendix.) 
Perhaps I missed where this was presented ς but if so, better signposting or textual emphasis on 
these details is warranted. 

 
34. Is there adequate discussion of the differences in toxicokinetics between humans and animals? 

 
Discussion seemed reasonable. 

 
35. Is there an adequate discussion of the relevance of animal toxicokinetic information for humans? 

 
Discussion seemed reasonable. 
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36. If applicable, is there a discussion of the toxicokinetics of different forms of the substance (e.g., 
inorganic vs. organic mercury)? 

 
Discussion seemed reasonable. 

 
37. Are the biomarkers of exposure specific for the substance or are they for a class of substances? 

 
Discussion appeared to highlight and focus on Uranium. 

 
38. Are there valid tests to measure the biomarker of exposure? Is this consistent with statements made 
in other sections of the text? 

 
Discussion seemed reasonable, given limitations of available data. 

 
39. Are the biomarkers of effect specific for the substance or are they for a class of substances? 

 
Discussion appeared to highlight and focus on Uranium. 

 
40. Are there valid tests to measure the biomarker of effect? Is this consistent with statements made in 
other sections of the text? 

 
Discussion seemed reasonable, given limitations of available data. 

 
41. Is there adequate discussion of the interactive effects with other substances? Does the discussion 
concentrate on those effects that might occur at hazardous waste sites? 

 
Discussion seemed reasonable, given limitations of available data. 

 
42. If interactive effects with other substances are known, does the text discuss the mechanisms of 
these interactions? 

 
Discussion seemed reasonable. 

 
43. Is there a discussion of populations at higher risk because of biological differences which make them 
more susceptible? Do you agree with the choices of populations? Why or why not? Are you aware of 
additional studies in this area? 

 
Discussion seemed reasonable. I am unable to judge quality or extent of population choice(s). 

 
44. Is the management and treatment specific for the substance, or is it general for a class of 
substances? 

 
Discussion appeared to highlight and focus on Uranium. 

 
45. Is there any controversy associated with the treatment? Is it a "well accepted" treatment? 

 
Unable to judge. 
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46. Are there any hazards associated with the treatment of populations that are unusually susceptible to 
the substance (e.g., infants, children)? 
 

Unable to judge. 
 
47. Are treatments available to prevent the specific substance from reaching the target organ(s), or are 
the actions general for a class of substances? 

 
Unable to judge. 

 
48. Is there any controversy associated with thŜ ǘǊŜŀǘƳŜƴǘΚ Lǎ ƛǘ ŀ ϦǿŜƭƭπŀŎŎŜǇǘŜŘϦ ǘǊŜŀǘƳŜƴǘΚ LŦ ǘƘŜ 
discussion concerns an experimental method, do you agree with the conceptual approach of the 
method? 

 
Unable to judge. 

 
49. Are there any hazards associated with the treatment of populations that are unusually susceptible to 
the substance (e.g., infants, children)? 

 
Unable to judge. 

 
50. Are there treatments to prevent adverse effects as the substance is being eliminated from the major 
organs/tissues where it has been stored (e.g., as a substance is eliminated from adipose tissue, can we 
prevent adverse effects from occurring in the target organ[s])? 

 
Unable to judge. 

 
51. Are treatments available to prevent the specific substance from reaching the target organ(s), or are 
the treatment's actions general for a class of substances? 

 
Unable to judge. (Discussion seemed reasonable.) 

 
52. Is there any controversy associated with the treatment? Is it a "well accepted" treatment? If the 
discussion concerns an experimental method, do you agree with the conceptual approach of the 
method? 

 
Unable to judge. (Discussion seemed reasonable.) 

 
53. Are there any hazards associated with the treatment of populations that are unusually susceptible to 
the substance (e.g., infants, children)? 

 
Unable to judge. 

 
54. Do you know of other studies that may fill a data gap? 

 
No. 

 
ррΦ !ǊŜ ǘƘŜ Řŀǘŀ ƴŜŜŘǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ŀ ƴŜǳǘǊŀƭΣ ƴƻƴπƧǳŘƎƳŜƴǘŀƭ ŦŀǎƘƛƻƴΚ tƭŜŀǎŜ ƴƻǘŜ ǿƘŜǊŜ ǘƘŜ ǘŜȄǘ 
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shows bias. 
 
Generally, yes. 

 
56. Do you agree with the identified data needs? 

 
Yes. However, on p. 160, I wƻǳƭŘ ǇǊƻǇƻǎŜ ǘƘŀǘ Řŀǘŀ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŘƻǎŜπǊŜǎǇƻƴǎŜ ŎǳǊǾŜǎ 
should be of sufficient quality to allow for calculation and use of modern BMD/BMC 
technologies. Calculation of NOAELs is an outdated and substandard approach. See Question 
#13. 

 
57. Does the text indicate whether any information on the data need exists? 

 
Discussion seems reasonable. 

 
58. Does the text adequately justify why further development of the data need would be desirable; or, 
conversely, justify the "inappropriateness" of developing the data need at present? If not, how can this 
justification be improved. 

 
Discussion seems reasonable. However, see Question #56. 

 
CHAPTER 4. CHEMICAL AND PHYSICAL INFORMATION 
 
59. Are you aware of any information or values that are wrong or missing in the chemical and physical 
properties tables? Please provide appropriate references for your additions or changes. 

 
¦ƴŀōƭŜ ǘƻ ƧǳŘƎŜΦ όL ŘƛŘ ŦƛƴŘ ǘƘƛǎ /ƘŀǇǘŜǊ ǾŜǊȅ ǿŜƭƭπǿǊƛǘǘŜƴ ŀƴŘ ƛƴŦƻǊƳŀǘƛǾŜΦύ 

 
CHAPTER 5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 
 
60. Are you aware of any information that is wrong or missing? If so, please provide copies of the 
references and indicate where (in the text) the references should be included. 

 
Unable to judge issues of production, use, and disposal. 

 
CHAPTER 6. POTENTIAL FOR HUMAN EXPOSURE 
 
61. Has the text appropriately traced the substance from its point of release to the environment until it 
reaches the receptor population? Does the text provide sufficient and technically sound information 
regarding the extent of occurrence at NPL sites? Do you know of other relevant information? Please 
provide references for added information. 

 
Discussion seems reasonable. I am unable to comment on other relevant information. 

 
62. Does the text cover pertinent information relative to transport, partitioning, transformation, and 
degradation of the substance in all media? Do you know of other relevant information? Please provide 
references for added information. 
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Discussion seems reasonable. I am unable to comment on other relevant information. 
 
63. Does the text provide information on levels monitored or estimated in the environment, including 
background levels? Are proper units used for each medium? Does the information include the form of 
the substance measured? Is there an adequate discussion of the quality of the information? Do you 
know of other relevant information? Please provide references for added information. 

 
5ƛǎŎǳǎǎƛƻƴ ǎŜŜƳǎ ƎŜƴŜǊŀƭƭȅ ǊŜŀǎƻƴŀōƭŜΦ bƻǘŜΣ ƘƻǿŜǾŜǊΣ ƻƴ ǇΦ мфп ǘƘŀǘ ŀ άǇƻǇǳƭŀǘƛƻƴ ƳŜŀƴ ώƻŦϐ 
лΦу Ǉ/ƛκ[έ ƛǎ ƭƛƪŜƭȅ ƴƻǘ ǿƘŀǘ ƛǎ ƛƴǘŜƴŘŜŘΦ όtŜǊƘŀǇǎ άǎŀƳǇƭŜ ƳŜŀƴέΚύ 

 
64. Does the text describe sources and pathways of exposure for the general population and 
occupations involved in the handling of the substance, as well as populations with potentially high 
exposures? Do you agree with the selection of these populations? If not, why? Which additional 
populations should be included in this section? 

 
Discussion seems reasonable. I am unable to comment on population selection. 

 
65. For Sections 6.8.1, Identification of Data Needs and 6.8.2, Ongoing Studies, answer the same 
questions presented in Section 3.12.2, Identification of Data Needs and 3.12.3, Ongoing Studies. 

 
All components of §6.8.1 seemed reasonable. Only 1 sentence is given for §6.8.2, which seemed 
reasonable. 

 
CHAPTER 7. ANALYTICAL METHODS 
 
66. Are you aware of additional methods that can be added to the tables? If so, please provide copies of 
appropriate references. 
 

Unable to judge. 
 
67. Have methods been included for measuring key metabolites mentioned previously in the text? 

 
Unable to judge. 

 
68. If unique issues related to sampling for the substance exist, have they been adequately addressed in 
the text? What other discussion should be provided? 

 
Unable to judge. 

 
69. For Section 7.3.1, Identification of Data Needs, answer the same questions presented in Section 
3.12.2, Identification of Data Needs. 

 
All components seemed reasonable. I encourage the call (p. 217) to improve sensitivity to 
accurately ƳŜŀǎǳǊŜ ƭƻǿ ƭŜǾŜƭǎ ƻŦ ǊŀŘƛƻπƴǳŎƭŜƻǘƛŘŜǎ όƻǎǘŜƴǎƛōƭȅΣ ǘƻ ƻǾŜǊŎƻƳŜκŀǾƻƛŘ ǇǊƻōƭŜƳǎ ƻŦ 
limits of detection). 

 
CHAPTER 8. REGULATIONS AND ADVISORIES 
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70. Are you aware of other regulations or guidelines that may be appropriate for the table? If so, please 
provide a copy of the reference. 

 
No. But, I reiterate my recommendation to begin immediate migration from NOAEL/LOAELs 
towards more modern PODs such as the BMDL; see Question #13. 

 
CHAPTER 9. REFERENCES 
 
71. Are there additional references that provide new data or are there better studies than those already 
in the text? If so, please provide a copy of each additional reference. 

 
n/a 

 
UNPUBLISHED STUDIES (IF APPLICABLE TO REVIEW) 
 
72. For each of the unpublished studies included with the profile, prepare a brief evaluation that 
includes your assessment of the: 
 

72a. Adequacy of design, methodology, and reporting; 
72b. Validity of results and author's conclusions; and 
72c. Study inadequacies or confounding factors. 
73. Provide a summary of your conclusions? Do you agree or disagree with those of the author? 
If not please explain why. 

 
n/a (as far as I could tell) 

 
Selected references on limitations of the NOAEL/LOAEL 
 
Crump, K. S. (2008). Benchmark analysis. In Encyclopedia of Quantitative Risk Analysis and 

Assessment,1Σ aŜƭƴƛŎƪΣ 9Φ [Φ ŀƴŘ 9ǾŜǊƛǘǘΣ .Φ {Φ όŜŘǎΦύΣ мпрπмпфΦ /ƘƛŎƘŜǎǘŜǊΥ WƻƘƴ ²ƛƭŜȅ ϧ {ƻƴǎΦ 
 
5ŀǾƛǎΣ WΦ !ΦΣ DƛŦǘΣ WΦ {ΦΣ ŀƴŘ ½ƘŀƻΣ vΦ WΦ όнлммύΦ LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ōŜƴŎƘƳŀǊƪ ŘƻǎŜ ƳŜǘƘƻŘǎ ŀƴŘ ¦Φ{Φ 9t!Ωǎ 

Benchmark Dose Software (BMDS) version 2.1.1. Toxicology and Applied Pharmacology, in 
press. doi: 10.1016/j.taap.2010.10.016 

 
Cŀƭƪ CƛƭƛǇǎǎƻƴΣ !ΦΣ {ŀƴŘΣ {ΦΣ bƛƭǎǎƻƴΣ WΦΣ ŀƴŘ ±ƛŎǘƻǊƛƴΣ YΦ όнллоύΦ ¢ƘŜ ōŜƴŎƘƳŀǊƪ ŘƻǎŜ ƳŜǘƘƻŘ π wŜǾƛŜǿ ƻŦ 

available models, and recommendations for application in health risk assessment. Critical 

Reviews in Toxicology 33Σ рлрπрпнΦ 

 
Faustman, E. M., and Bartell, S. M. (1997). Review of noncancer risk assessment: Applications of 

benchmark dose methods. Human and Ecological Risk Assessment 3Σ уфоπфнлΦ 
 
Foronda, N. M., Fowles, J., Smith, N., Taylor, M., and Temple, W. (2007). A benchmark dose analysis for 

sodium monofluoroacetate (1080) using dichotomous toxicity data. Regulatory Toxicologyand 

Pharmacology 47Σ упπуфΦ 

 
Gift, J. S., McGaughy, R., Singh, D. V., and Sonawane, B. (2008). Health assessment of phosgene: 
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Approaches for derivation of reference concentration. Regulatory Toxicology and 

Pharmacology 51Σ фуπмлтΦ 
 
IŀƴǎǎƻƴΣ {Φ hΦ όнллнύΦ wŜǇƭŀŎƛƴƎ ǘƘŜ ƴƻπŜŦŦŜŎǘ ƭŜǾŜƭ όbh9[ύ ǿƛǘƘ ōƻǳƴŘŜŘ ŜŦŦŜŎǘ ƭŜǾŜƭǎ όh.9[ ŀƴŘ 

LEBEL). Statistics in Medicine 21, 30тмπолтуΦ 
 
Leisenring, W., and Ryan, L. (1992). Statistical properties of the NOAEL. Regulatory Toxicology and 

Pharmacology 15Σ мсмπмтмΦ 
 
Kodell, R. L. (2009). Replace the NOAEL and LOAEL with the BMDL01 and BMDL10. Environmental and 

Ecological Statistics 16Σ оπмнΦ 
 
Öberg, M. (2010). Benchmark dose approaches in chemical health risk assessment in relation to number 

and distress of laboratory animals. Regulatory Toxicology and Pharmacology 58Σ прмπпрпΦ 
 
Sand, S., von Rosen, D., Victorin, K., and Falk Filipsson, A. (2006). Identification of a critical dose level for 

risk assessment: Developments in benchmark dose analysis of continuous endpoints. 
Toxicological Sciences 90Σ нпмπнрмΦ 

 
Sand, S., Victorin, K., and Falk Filipsson, A. (2008). The current state of knowledge on the use of the 

benchmark dose concept in risk assessment. Journal of Applied Toxicology 28Σ плрπпнмΦ 
 
Suter, G. W. (1996). Abuse of hypothesis testing statistics in ecological risk assessment. Human and 

Ecological Risk Assessment 2Σ оомπоптΦ 
 
West, R. W., and Kodell, R. L. (2005). Changepoint alternatives to the NOAEL. Journal of Agricultural, 

Biological, and Environmental Statistics 10Σ мфтπнммΦ 
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Review of Draft 2 of Uranium Profile for ATSDR/CDC   

by 

Reviewer #2 

 

1. As implied, there is a significant need for studies on the toxic effects of U in children. Unfortunately, 

speculation and paralleling the effects of U in children from data in adult humans and animal studies 

serve currently as the main tool for estimating and predicting adverse effects of U in children. Since U 

does target bone and marrow spaces, especially during growth and remodeling phases,  and since most 

of  bone growth occurs prior to the age of  21, special considerations and careful  allowances should be 

made in reference to this potential sensitive group of humans.  

2. The opinion of this reviewer is that avoidance behaviors implemented by parents would serve well as a 

means to minimized exposure of a potential sensitive sector of society (i.e. children) to U. Some of these 

avoidance behaviors, and recommendation for alternate behaviors, are provided in the profile. 

CHAPTER 1: PUBLIC HEALTH STATEMENT: 

Summary Statement (Sections 1.1 -1.10): The content of this section is readable by the lay public. It is 

on the whole informative and logically arranged. This section appears to be adequate and consistent 

with Public Health Statements for other Profiles. The sections of this chapter are presented in a logical 

and informative manner. Some sections are not as complete as one would want, implying future needs. 

Although questions may arise in the mind of some lay persons, there is not much more to add to this 

chapter, without data from more complete studies. 

 Some questions and issues in this section are outlined below. 

In section 1.2 ɀ Under SOURCES: What about uranium (U) found in wells drilled for drinking water, 

particularly in U-containing rock formations?...Deaths caused by co-exposure to U and arsenic (As) in wells 

for drinking water have been reported in the Halifax NS (Canada; personal communication with a clinical 

pathologist in Halifax). Although the precise agent cause death was difficult to determine, it would seem 

appropriate to include both surface and sub-surface water as potential sources of U since similar U (and As)can 

be co-localized in areas of significant rock-formation. 

 

CHAPTER 2:  

2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO URANIUM IN THE UNITED STATES: 

-This section reads well and seems appropriate in content. 

2.2 SUMMARY OF HEALTH EFFECTS: 

-Overall, this section is written well and provides the preponderance of currently available data. Concerns 

and suggestions are provided below: 



18 
 

-One concern about the lack of associated carcinogenicity is time. No mention of the potential effect of 

length of time of exposure on the potential for carcinogenic effects in bone and bone marrow. If the 

conclusion the author makes early in this section about U not being carcinogenic, I think some reference 

to the length of time subject were studied to come up with this conclusion. Cancer effects are sometimes 

delayed by decades following or during exposure to certain compounds. Some clarification of this issue 

would be helpful to the reader. 

-Some of the biomarkers cited for use as indicators of toxic effects in the kidneys are not necessarily 

specific for U. Additional studies need to provided showing whether clearer relationships exist between 

the urinary excretion of transaminases such as ALT (alanine aminotransferase) and AST (aspartate 

aminotransferases, brush border enzymes g-GT (gamma-glutamyltransferase) and AP (alkaline 

phosphatase) and the cytosolic enzyme LDH (lactate dehydrogenase) with proximal tubular injury. After 

all, the predominant manner by which these enter the urinary compartment is by cell death along the 

proximal portions of the nephron. In rodents exposed to a number nephrotoxicants tend to demonstrate 

correlative relationships between the urinary excretion of these enzymes and the level of proximal 

tubular injury. Dr. Paul Morrow at the U. of Rochester published some his urinary enyzymology findings 

in criteria documents published by DOE back in the early 1980s. However, biopsy samples for 

histopathology serve as the gold standard. Clearly, utilizing these measure may prove to be difficult in 

humans under most sampling conditions (i.e. spot urine sampling).   

-It must be kept in mind that elevation in BUN and/or plasma creatinine are generally not going to occur 

until 75-80 of the functional renal mass has been acutely or chronically compromised. Care should be 

taken to separate out criteria indicating some level of acute or chronic proximal tubular necrosis vs. 

necrosis resulting in acute and/or chronic renal failure! 

-An additional point relates to potential differences in sensitivity to various forms of U among different 

experimental animals. This is important in that dose-effect relationships for a number of nephrotoxicants 

vary greatly among a number of mammalian species.  

-Although implied by the presented data, a very important issue not addressed directly is whether uranyl 

ions have the ability to cross the placental barrier and enter into fetuses. The fetus may prove to be one 

of the more sensitive to the toxic effects of U. Additional studies may link possible carcinogenic effects of 

U to the delicate hematopoietic stem-cells in the liver and marrow of developing bones. 

 

 

2.3 MINIMAL RISK LEVELS (MRLs): 

-This section appears to present a preponderance of relevant data on routes and types of exposure to U 

and the associated provided MRL(s).  

CHAPTER 3: HEALTH EFFECTS: 

- NOAELs and LOAELs reported appear to be appropriate and to date. 
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- In general, without reading the original manuscripts, evaluation of statistical analyses used is difficult 

to assess. Authors publishing data, especially from animals and in vitro studies, in the bio-medical-health 

journals, tend NOT to provide appropriate details on the nature of statistical evaluations performed. For 

example, very few provide information on selection of subjects, whether data fall within the realms of 

normal (or Gaussian) distributions and whether variances were statistically similar. Unlike statistical and 

epidemiological journals, values from statistical tests are not provided (such as t- or F-values, SS or sum 

of squares-values). Too many opinions are generated from manuscripts in which investigators used 

improper statistical analyses! This point applies more to investigative animal studies, particularly in older 

studies. In general, this important issue is impossible to assess for this profile due to the time allotted for 

review and nature of its presentation.  

 3.1 INTRODUCTION: 

-On page 33, line 22: The correct word to describe a toxic element or molecule not generated or made 

ƛƴκōȅ ŀ ƭƛǾƛƴƎ ƻǊƎŀƴƛǎƳ ƛǎ άƴŜǇƘǊƻǘƻȄƛŎŀƴǘέ. 

-One page 38, line 20: I would strongly suggest to state that the nephrotoxic effects of U occur mainly in 

ǘƘŜ άǇǊƻȄƛƳŀƭ ǇƻǊǘƛƻƴǎέ ƻŦ ǘƘŜ ǊŜƴŀƭ ǘǳōǳƭŜ όƴŜǇƘǊƻƴ ǿƻǳƭŘ ōŜ ƳƻǊŜ ǇǊŜŎƛǎŜύΦ 

-On Page 39. It is important to convey the fact that U tends to behave as an acute nephrotoxicant. This 

point and the fact that during chronic exposure additional variables may be involved, which may mask 

the deleterious effects of U. 

 3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE: 

Toxicity- Quality of Human Studies: 

-Better human studies are clearly needed. With this in mind, the human studies appear to have 

adequately discussed. Some of the section leaves the reader with significant questions about whether U 

does have toxic metal-based or radioactive effects. This may be inherent in the nature of the studies and 

the lack of important information lacking.  

 

 

Toxicity- Quality of Animal Studies: 

-As might be expected, the toxicological data from animals are more informative, but are also lacking. 

This again is likely due to the nature of the body of research done. 

Level of Significant Exposure (LSA) Tables and Figures: 

-The LSAs data in the text figures and tables appear appropriate. 

 3.3 GENOTOXICITY: 
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-Page 108, line 20: U does NOT have to localize in the gonads for it to be genotoxic! Genotoxicity could 

be associated with stem cells along the GI tract and stem cells in other body compartments, including 

bone marrow, which may be exposed to significant amounts of U. 

-Overall this section seems to behave covered adequately. 

 3.4 TOXICOKINETICS: 

-Page 114, linŜ нлΥ άǿŜǊŜέ ǎƘƻǳƭŘ ōŜ ǎǳōǎǘƛǘǳǘŜŘ ŦƻǊ άǿŀǎέΦ 5ŀǘŀ ƛǎ ǘƘŜ ǇƭǳǊŀƭ ŦƻǊƳ ƻŦ ŘŀǘǳƳΣ ǘƘǳǎ 

requiring the past-ǘŜƴǎŜ ƻŦ ǘƘŜ ǾŜǊō άǿŜǊŜέΦ 

-Very little is mentioned about uranyl acetate. Are there experimental or human data pertaining to the 

inhalation and toxic effects of uranyl acetate associated with individuals using transmission electron 

microscopy? The acetate form of U has been utilized since the introduction of electron microscopy for 

allowing one to make cytological features more visible (electron dense).  

-The remainder of the discussion of the toxicokinetics of U, i.e. depth and completeness, is consistent 

with that of other profiles. 

 3.5 MECHANISMS OF ACTION: 

-Page 140, Line 7: Nephrotoxicity is NOT a measure of toxicity. It is an inherent entity. Moreover, 

nephrotoxicity is not induced. A nephropathy is induced. This should be corrected. 

-On the whole, very little is understood about the mechanisms of action of U. Most of the data available 

provide only a implication of mechanisms. This notion is inferred in this section. As indicate by the section 

of Animal-to-Human extrapolation, the renal and pulmonary systems are significant targets for the 

adverse (toxic) effects of U as a metal. However, as stated, the toxic effects of U on the kidney are 

variable among species. This is not that surprising. The nephrotoxic effects of other heavy metals are also 

variable among various species, even among rodents (rabbit, rat and mouse).  

 3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS: 

-As written, only limited data are available regarding the possible estrogen mimicking effects of U. 

  

оΦт /IL[5w9bΩ{ {¦{/9t¢L.L[L¢¸Υ 

-The bolded section is appropriate and is worded well. My only additional comments about susceptibility 

of children to U were made above in section 2.2. Some of the data presented in this section tend to 

support the potential of U to cross the placental barrier and affect adversely the developing fetus. 

 3.8 BIOMARKERS OF EXPOSURE AND EFFECT: 

-Biomarker for the detection of the presence of U within an individual are covered and are discussed 

appropriately. However, some of the biomarkers used to assess organ-specific injury are not specific for 
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U. Many of the biomarkers discussed are also markers of injury induced by other heavy metals and 

various organic chemicals. Numerous measures of organ-specific injury are in many situations 

impractical, if not impossible, to obtain. This point is covered marginally. 

 3.8 INTERACTIONS WITH OTHER CHEMICALS: 

-Very limited information appears to be available. 

 3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE: 

-Although the author is correct that a sensitive group of individuals that may be particularly susceptibility 

to the toxic effects of U are individuals with impaired renal function, impairment of renal function is 

generally not detectable before one loses about 75-80% of their functioning renal mass. Individuals with 

low levels of reduced renal mass may also be at risk due to compensatory metabolic changes occurring in 

the remaining functional renal mass. Current statistics from various private and Federal agencies 

indicate that about 17% of the US population suffers with various forms chronic renal disease (CRD). This 

percentage covers renal diseases induced by hypertension, diabetes and autoimmune diseases. 

Consequently, a large subpopulation of US residents may be at greater risk of intoxication by U, 

assuming the potential for exposure. The author may want to stress this point. 

 3.11 METHODS FOR REDUCING TOXIC EFFECTS: 

-As implied, limited efficacious treatments are available for reducing the burden and toxic effects of U. 

 3.12 ADEQUACY OF THE DATABASE: 

Existing Information on Health Effects of URANIUM: 

-This section adequately conveys the body of existing information of the health effects of U. 

Identification of Data Needs: 

-This section is fairly well developed and presented. The section implies needs for study rather than 

discussing them directly, which is appropriate. 

 

 

CHAPTER 4: CHEMICAL AND PHYSICAL INFORMATION: 

-This section is covered appropriately. 

CHAPTER 5: PRODUCTION, IMPORT/EXPORT, USE AND DISPOSAL OF URANIUM: 

-This section covers the relevant information regarding production, import/export, use and disposal 

succinctly and appropriately. 
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CHAPTER 6: POTENTIAL FOR HUMAN EXPOSURE: 

-This section appears to thoroughly cover available data. The only question this reviewer has pertains to 

available data on the content of U in the water of private wells drilled in areas of higher underground 

quantities of U. 

CHAPTER 7: ANALYTICAL METHODS: 

-Methods used (and their limitations) to detect U in vivo and in vitro are covered adequately. The section 

also provides an appropriate recommendation for improved methods for determining the effects of U in 

tissues and organs affected by U. No ongoing studies were identified. 

CHAPTER 8: REGULATIONS AND ADVISORIES: 

-As discussed, national and international regulations, advisories and guidelines for U in air, water and 

other media are provided and summarized in Table 8-1. 

CHAPTER 9: REFERENCES: 

-References appear to be quite comprehensive and up to date. 

CHAPTERS 10 (GLOSSARY) and APPENDICES: 

-The glossary and appendices for this profile appear complete and informative. 

 

SUMMARY STATEMENT: 

Overall, the 2nd draft of the profile for U is written clearly and is quite comprehensive. Although there are 

a few suggestions for change, the document presents a rather comprehensive summary of the 

preponderance of relevant data on U. 
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PEER REVIEW OF ATSDR 

TOXICOLOGICAL PROFILE ï URANIUM  

Reviewer #3 

 

 

SUMMARY REVIEW   
 

In addition to these summary comments, editorial changes have made in the copy of the Profile. 

 

CHAPTER 1. PUBLIC HEALTH STATEMENT  

 

Track changes have been made to suggest a more readable document for the lay public. 

 

CHAPTER 2. RELEVANCE TO PUBLIC HEALTH  

 

Section 2.1 Background and Environmental Exposures to Uranium in the United States.  

This section devotes many lines to the physical aspects of uranium and the deposition and 

clearance of particles from the lung.  Few lines are devoted to where the US or what 

environments have relatively higher concentrations of uranium and where the uranium goes once 

it is in the body. I would like to see some of that information come in from the chapters on 

Potential for Human Exposure and Toxicokinetics.  At the very least, those chapters could be 

referenced in Chapter 2. 

 

Section 2.2 Summary of Health Effects  

I agree with the effects in humans and animals discusses in the chapter.  However, the summary 

gets off to a rocky start.  The first paragraph states that there are no cancerous effects of uranium 

because it is not very radioactive but also suggests that the lungs and cardiovascular system 

might be affected (by radiation?).  The discussion of cancer should come at the end, not lead off.  

The second brief paragraph talks about chemical toxicities and finishes with mentioning sensitive 

targets of toxicity.  This paragraph should give more detail and spell out in more detail what the 

target organs are so we will know what is coming. 

 

CHAPTER 3. HEALTH EFFECTS  

 

Section 3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF 

EXPOSURE 

 

The Summary section of Chapter 3 is well prepared and written.  The mention of linear, 

non-threshold assumptions and risk benefit analysis vs., cancer death predictions are 

helpful.  Many people are unaware of these issues.  

 

Toxicity - Quality of Human Studies 

 

The review of both the human and animal studies of the carcinogenic effects of uranium 

are generally well presented, but certain points in the text and corresponding LSE figure 

need consideration.  One glaring omission is the lack of mention in the text of the 
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Cookfair publication on lung cancer incidence in U processing workers (although it was 

presented in the Summary Toxicity Tables). The paper is used to establish a CEL for lung 

cancer in humans.  It needs to be explained why a CEL is needed for cancer effects in 

humans when none has been identified to date, as noted in the text and by BEIR and 

UNSCEAR publications, to name just two.  It also needs to be discussed why this 

epidemiologic study was chosen for the LSE figure.  I question the quality of the 

Cookfair data.  The work was published in the proceedings of a Health Physics Society 

meeting in 1983.  In the text of the paper a new study was mentioned that would increase 

the size of the cohort by about two thirds.   I could not find more recent publications from 

this group reporting on the results using the enlarged cohort that might determine whether 

the lung cancer risk of the younger hire group approaches that of the older group.  This 

epidemiologic study is the only one that illustrates an increase risk of lung cancer in U 

workers.  It is curious that the data has not been used by any of the regulatory groups. 

The authors should be queried on the status if this effort published nearly 30 years ago 

and if they still stand on the results.  

 

  

-  

Levels of Significant Exposure (LSE) Tables and Figures 

 

With the help of the ñUserôs Guideò, the LSE tables and figures do stand alone. 

Two points in the figures need to be examined.  The NOAEL for renal effects after 

intermediate duration inhalation exposure to U is higher than the LOAEL. This can be 

explained by the fact that the NOAEL is based on insoluble UO2 and the LOAE is based 

on the soluble UF.  However, this is not obvious looking at Figure 3-1 and is not 

emphasized in the text that discusses the renal effects after intermediate duration 

exposure.   

 

The second point is the characterization of the ñdoseò used for the CEL in the Cookfair 

study and plotted in Figure 3-1.   Apparently it is 20 rad, the lower boundary in the High 

Exposure group that ranged from 20 to 75 rads.  Plotting rads on a graph that used mg/m3 

for all other endpoints is misleading and unacceptable.  It should be possible to calculate 

the mass of U in the lung and estimate the exposure concentration of U.   

 

I agree with the categorization of "less serious" or "serious" for the effects cited in the 

LSE tables. The derived MRLs appear appropriate.  

 

Evaluation of Text 

 

There is a massive amount of data on the toxicity of uranium that has been collected over 

a period of nearly 75 years.  Presenting the data in an understandable way is a challenge.  

The format of these Toxicological Profiles, categorization of effects by route of exposure, 

encourages repeated presentation of the effects using the same or similar references.  

Another approach is to discuss routes of exposure, toxicokinetics and distribution in the 

body followed by discussion of the effects related to the affected organ systems.   This 

should reduce, for example, the repetition of the isotopes of U, the radiation vs. chemical 
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toxicity of U, the explanation of the deposition of particles in the lung and the discussion 

of the reason HF is so acutely toxic.   

 

One of these repeated comments, which implies that U dust may cause emphysema, is 

misleading because occupational exposures to metal dusts do not show that. On Page 14 

line 25 and P 47 line 2: ñIn acute exposures pulmonary damage may be limited to 

interstitial inflammation of the alveolar epithelium leading eventually to emphysema and 

pulmonary fibrosis.ò The text continues noting that the respiratory diseases in uranium 

miners may be aggravated by mine dusts. A list of references are presented, however, 

half are not relevant.  A key reference here should be the book Pathology of 

Occupational Lung Disease, 2
nd

 edition, by A.Churg and F,H.Y. Green, Williams and 

Wilkins, Baltimore, 1998.  They point out that emphysema is not a feature of inhaled 

metals and metal compounds.  The one inhaled dust that is associated with a form of 

emphysema is coal dust, but high concentrations in the lung are required for this to 

happen.  For references,  I  recommend Churg (for lung diseases), Samet 1994 (for 

silicosis) in addition to  Dungworth, Saccomanno and Waxweiler already in the text.  The 

other references in the text do not really deal with the issue of uranium in the lung. 

 

Section 3.4 TOXICOKINETICS 

 

This section is well presented. Some of this material should be brought forward to 

Chapter 2. 

 

  

 

CHAPTER 6. POTENTIAL FOR HUMAN EXPOSURE  

 

This chapter is well done and parts should be mentioned in Chapter 2. 
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II. Annotated Pages from the Draft Profile Document 
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